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Abstract 
In order to improve the reliability evaluation to the distribution network, uncertainty factors about aging of 
components are considered under conventional reliability analysis of distribution system in the paper. The 
relationship between unavailability of aging of components and time (or limit age of components) is analyzed. Then 
the reliability indices are calculated by FMEA (Failure Mode and Effect Analysis). Finally distribution network 
reliability level is distinguished and the measures on improving the power distribution system reliability are presented. 
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1. Introduction 
According to statistics, there are around 80 percent accident in the power system are caused by the 
distribution system [1]. The structure and operating characteristics of power system can be indicated by 
reliability indices of distribution network. Therefore, it has a very important actual significance for 
distribution systems planning, operating and maintaining to make an accurate evaluating of the reliability 
of the network. 
The reliability evaluating methods for distribution network are mainly the simulating method and the 
analytic method. The algorithm of the simulating algorithm based on the random test of a computer is to 
sacrifice time for the accuracy. The classical algorithm of the analytic method is FMEA. The basic ideas 
of this method are as follows. First, in order to find out the basic faults events and its consequences, a 
failure mode and effect analysis tables should be established through the analysis to network elements, 
then makes out the reliability indices for load by comprehensive analysis, in the end calculates the 
reliability indices of distribution system. 
The common indices for load point are average fault rateλ , average fault lasting time r  and annual 
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average interruption duration U . The common indices for customer are SAIFI (System Average 
Interruption Frequency Index), SAIDI (System Average Interruption Duration Index), CAIDI (Customer 
Average Interruption Duration Index), ASAI (Average Service Availability Index), ACI (Annual 
Customer Interruption), CID (Customer Interruption Duration) and AENS (Average Energy Not Served), 
and so on[2]. 
The reliability evaluating method considering component aging for distribution network is presented in 
this paper for scientific and reasonable evaluation for the level of distribution network reliability. 
2. Component unavailability 
The component unavailability is made up of the recoverable unavailability and the aging unavailability. 
The recoverable unavailability of a component is 
μλ
λ
+=rU                                                                  （1） 
Where λ  is the average fault rate (fault times per year), μ  is the recover rate (recovery times per 
year). 
The aging unavailability of a given component is the probability of unavailability in the time t under it 
having been in commission for T year condition [3]. The length of time t  is divided into N periods of 
time, which is indicated in Figure 1. 
 
Figure 1. Structure of time-division  
In the i th periods of time the probability of failure of the component is 
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If the component is failure in the i th periods of time, the failure duration in the time t  is  
)N,,2,1(2)12( "−Δ−−= ixitUDi                      （3） 
The aging unavailability of a component in the given time t  is  
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The relationship curve between the component aging unavailability aU and the time t  when the 
commission year T is 0.1year, 0.5 year, 1year and 5 years respectively is shown as Figure 2.   
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Figure 2. The relationship curve between the component aging unavailability and the time  
Then the component unavailability is 
arar UU-UUU +=t                           （5）  
3. Series and parallel network analysis 
The series equivalent network of two recoverable components is shown as Figure 3.  
 
 
Figure 3. The series equivalent network 
The component unavailability and the failure rate of the series network respectively are 
2121 UU-UUU +=se                        (6) 
21 λλλ +=se                                (7) 
The parallel equivalent network of two recoverable components is shown as Figure 4.  
 
 
Figure 4. The parallel equivalent network 
The component unavailability and the failure rate of the parallel network respectively are 
 
21UUU =pe                                   (8) 
)11(1 21 rrrpe +=                               (9) 
4. The Reliability Evaluating Method Considering Component Aging 
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The steps of the reliability evaluating method considering component aging are as follows: 
1) Analyze the structure of the network and get the parameters of the components.  
2) Simplify the network applying the principle of series and parallel network. 
3) Analyze the aging condition of component in the network. 
4) Analyze the possible fault event, calculate the indices. 
5) Establish the  failure mode and effect analysis tables. 
6) Calculate the reliability indices. 
5. The clacification of distribution network reliability 
The reliability of distribution network can be calcified by comprehensive evaluation. The detail steps 
are as follows: 
1) Calculate the membership degrees of the reliability indices of distribution network.  
2) Determine the reliability index evaluating matrix. 
[ ]Tn321 QQQQQ "=             
3) Determine the reliability index weight vector. 
[ ]naaaa "321A =             
4) Calculate the results of reliability evaluation. 
                       [ ]nbbbb "321QAB =×=        
5) Classify the distribution network reliability by weighted mean of the results of reliability evaluation. 
6. Case analysis 
The reliability evaluating method considering component aging is applied on the simple distribution 
network is shown as Figure 5. 
 
Figure 5. The simple distribution network 
In the Figure 5, MS is the main source and AS is the alternate source. The operating time of switch on 
the AS side is 1 hour and the reliability indices and parameters of other components are shown in Table 1. 
Table 1 the reliability indices and parameters  
 λ/(times/ 
(km•year))
Recovery 
 time/h 
Switch operating 
time/h 
Quantity of  
customer  
Power 
/kW 
Main line 0.1 3.0    
Branch line 0.25 1.0    
Switch   0.5   
Load a    250 1000 
Load b    100 400 
Load c    50 100 
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Table 2 the  failure mode and effect analysis result without considering component aging 
 Main line Branch line Total  2km 3km 1km 2km 3km 1km
Load  
a 
λ/(times/year) 0.2 0.3 0.1 0.75   1.35
r/h 3.0 0.5 0.5 1.0   1.15
U/(h/year) 0.6 0.15 0.05 0.75   1.55
Load  
b 
λ/( times/year) 0.2 0.3 0.1  0.5  1.1 
r/h 1.0 3.0 0.5  1.0  1.5 
U/(h/year) 0.2 0.9 0.05  0.5  1.65
Load  
c 
λ/( times/year) 0.2 0.3 0.1   0.25 0.85
r/h 1.0 1.0 3.0   1.0 1.24
U/(h/year) 0.2 0.3 0.3   0.25 1.05
 
Table 3 the  failure mode and effect analysis result  considering component aging 
 Main line Branch line Total  2km 3km 1km 2km 3km 1km
Load  
a 
λ/(times/year) 0.26 0.39 0.13 0.93   1.37 
r/h 3.0 0.5 0.5 1.0   1.44 
U/(h/year) 0.78 0.19 0.06 0.93   1.97 
Load  
b 
λ/( times/year) 0.26 0.39 0.13  0.62  1.4 
r/h 1.0 3.0 0.5  1.0  1.51 
U/(h/year) 0.26 1.17 0.06  0.62  2.12 
Load  
c 
λ/( times/year) 0.26 0.39 0.13   0.31 1.09 
r/h 1.0 1.0 3.0   1.0 1.24 
U/(h/year) 0.26 0.39 0.39   0.31 1.35 
 
Table 4  the values of reliability indices before and after considering aging 
 Not considering component aging 
Considering 
component aging 
ACI(times/year) 490 537 
CID(h/year) 605 772 
SAIFI(times/user·year) 1.23 1.34 
SAIDI(h/user·year) 1.51 1.93 
CAIDI(h/times) 1.23 1.44 
ASAI 0.99986 0.99984 
ASNI(kWh/user) 5.7875 7.3825 
 
Table 5  the membership degrees of reliability indices 
Reliability index The membership degree 
SAIFI [ 0.51   0.28   0.09   0.06   0.06 ] 
SAIDI [ 0.43   0.27   0.08   0.12   0.10 ] 
ASAI [ 0.45   0.31   0.11   0.09   0.04 ] 
ASNI [ 0.35   0.20   0.21   0.19   0.05 ] 
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The evaluating results are shown in Table 2- 4. According to Table 5, the judgment matrix of 
distribution network is 
Different users have the different requires to the reliabilities, so the weight vector determination has to 
combine with the actual situations of the distribution system and users. Here the weight vector is  [ ]0.260.190.240.31A =  
The reliability evaluating result of the distribution network is  [ ]0632.01139.01226.02625.04378.0QAB =×=  
Suppose the classification is 1, 2, 3, 4 and 5 five classes, the evaluating result V by weighted mean is 
1022.2
0632.001139.01226.02625.034378.0
0632.051139.041226.032625.024378.01V =++++
×+×+×+×+×=  
 
The value of V is between 2 and 3, belongs to 2 class. 
6. Closing remarks  
The failure mode and effect analysis method has been improved in this paper by considering the 
component aging, and the classification method for distribution network reliability is presented. These 
methods are more reasonable for distribution network reliability evaluation. 
(1) The results of reliability evaluation are more objective and realistic by considering the component 
aging. 
(2) The evaluating results are more comprehensive and direct-view by classification of reliability. 
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